Background -Injectable calcitonin is effective in reducing spinal bone loss in steroid-dependent asthma but side effects are frequent. In contrast, a nasal spray presentation has been shown to be effective and well tolerated in involutional osteoporosis. To test the efficacy of nasal calcitonin a two year prospective trial was conducted in 44 steroid-dependent asthmatic patients. Methods -All patients received a calcium supplement of 1000 mg and were allocated randomly into two groups treated with either salmon calcitonin nasal spray (200 IU every other day, n=22) or calcium alone (n=22) for two years. All patients completed the first year of the study. Five patients in each group dropped out during the second year. In the calcitonin group one patient developed generalised pruritus and four lost steroid dependence, and in the calcium alone group five were no longer dependent on steroids. The efficacy oftreatment was evaluated as follows: bone turnover assessed by biochemical markers, bone loss assessed by serial measurement oflumbar spine density, and rates of bone fractures. Results -The bone mass in the calcitonin group increased by 2*7% in the first year while in the group receiving calcium alone it decreased by 2-8%; this difference was significant. Calcitonin prevented more bone loss during the second year while the calcium alone group continued losing bone mass (-7-8% 
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(prednisone 30 mg/day tapered down by 5 mg/ day every three days). Inhaled steroids (budesonide or beclomethasone) were given to all patients. All patients gave informed consent to participate in the study which was approved by the hospital research committee.
BONE MINERAL MASS
The bone mineral density (BMD) was determined by means of dual photon absorption measurement on L2 to L4 at the beginning of the study and at one and two years (Lunar Radiation Corporation Scanner DP3, Madison, Wisconsin, USA) and expressed in terms of g/cm2. The coefficient of variation in vitro, calculated with daily phantom studies (n= 300) collected over one year, was 0-51%. The coefficient of variation in vivo was 1-37% in healthy young subjects and 2-7% in patients with osteoporosis. These data were obtained from 10 normal volunteers and five osteoporotic patients measured weekly for five weeks. Predicted BMD values were obtained from 547 healthy women and 328 healthy men (unpublished data).
RADIOLOGICAL STUDY
Radiographs of the thoracic and lumbar spine in two projections were obtained before entry to the study and at the end of the follow up period. Deformities of vertebral bodies were divided into two groups: wedge and crush fractures. Wedge fractures were defined as a reduction of 25% or more in the anterior height of the vertebrae; a crush fracture was diagnosed when the posterior height of the vertebra was less than 25% of the posterior height of an adjacent vertebra. Radiological evaluation was performed by a blinded experienced observer. Symptomatic fractures from other bones (ribs, femurs) were also recorded.
LABORATORY STUDIES
Serum and urine biochemical measurements were performed at baseline, one year, and two years. Serum and urine levels of calcium, phosphate and creatinine levels were measured by routine methods using an autoanalyser. Serum osteocalcin levels (bone Gla-protein) were measured by radioimmunoassay. Urine hydroxyproline levels were measured colorimetrically after fractioning by high pressure liquid chromatography.
DATA ANALYSIS
Changes in BMD and biochemical indices during the follow up period were analysed by one way analysis ofvariance (ANOVA) and Sheffe's contrasts. Differences in these parameters between the calcitonin group and the control group were analysed by a non-parametric test (Mann-Whitney U test). A probability value of 005 was considered significant. Bonferroni's adjustment (0-05/n tests) for multiple testing was used to prevent a type I error.
Results
The first year of follow up was completed by all participants. During the second year of the study there were five dropouts in the calcitonin group and five in the calcium alone group. One patient was withdrawn from the calcitonin group due to the development of a generalised pruritus. Four and five patients from the calcitonin and calcium alone groups respectively were withdrawn because, due to a progressive stabilisation of asthma, they could be removed from oral glucocorticoid treatment. Table 1 summarises the characteristics of the subjects and their glucocorticoid treatment upon entry into the study. Four patients in each group had suffered bone fractures before entering the clinical trial. Tables 2 and 3 show the average changes in anti-asthmatic treatment (oral and inhaled steroids) in the patients who completed one and two years oftreatment. There was a similar and significant decrease in oral steroid doses in both groups during the study. Before the study the calcium alone group was on significantly lower doses of inhaled steroids. However, inhaled steroid dosage rose during the study and both groups received similar doses of these drugs throughout the two years. Table 4 gives the biochemical parameter values at one year of follow up. Similar results were seen at two years. No significant changes were detected in the biochemical parameters over the two year treatment period.
The mean (SD) baseline value of BMD expressed as percentage predicted was 87-8(12) for the calcitonin group and 91(11) for the calcium alone group; this difference was not statistically significant. The serial measurements of the bone mineral mass of the lumbar spine over the two years are shown in the figure. The bone mass in the calcitonin group increased by 2-7% during the first year while in the group receiving calcium alone it decreased by 2-8% (p<0 005) Calcitonin prevented more bone loss during the second Nasal calcitonin in long term glucocorticoid therapy for asthma Calcium (mg/dl) 9-7 (0-4) 9-9 (0-5) 9-7 (0 5) 9-9 (0 4)
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Four patients from the calcitonin group and five patients from the control group were withdrawn during the second year of follow up because they lost their dependence on steroid treatment. This is not surprising since it has been shown in many studies that steroid-dependent asthmatics who regularly attended the outpatient clinic are able to be completely removed from oral steroids. A better compliance with the treatment, especially with inhaled corticosteroids, probably accounts for this finding.
The effects of prolonged treatment with calcitonin are not known. Since the slower turnover associated with antiresorptive treatment may lengthen the time expended in replacing bone tissue, the possibility that prolonged antiresorptive treatment can decrease the strength of bones must not be overlooked. 7 No serious side effects attributable to calcitonin treatment occurred during the trial and only one patient dropped out of the study as a consequence of a generalised pruritus. Since this symptom did not completely disappear after discontinuing the treatment it is not clear whether the skin reaction was actually caused by calcitonin.
The effects on bone mass obtained with the nasal formulation at one year were less than those observed with the injectable presentation in our previous study (2-7% increase in the BMD with the spray v 4% with the injection). 5 Although it is considered that the dose of 200 IU calcitonin administered by the nasal route is equivalent to 100 IU given by the parenteral route, the bioavailability of the nasal formulation is probably less than with the injectable preparation. This might explain the minor effect of the nasal spray on bone mineral density. This lower dose might at least in part also account for the better tolerability of the nasal preparation. Since most of the asthmatic patients suffered from rhinitis of variable severity, it is possible that the presence of a chronic inflammatory process in the nose might have interfered with calcitonin absorption thereby affecting the biodegradability of the drug.
Although calcitonin treatment prevents bone mass loss, no differences in the incidence of bone fractures could be detected. Most of the asthmatic patients included in the study had been on steroid treatment for several years. Since corticosteroid-induced bone loss appears to be most marked during the first 12 months of treatment, it could be argued that preventive treatment should start at the same time as the steroid treatment. This approach has been used by Sambrook et at' in a recent study including patients with different rheumatic and immunological diseases. In these patients preventive treatment was initiated at the same time as steroids. This approach can hardly be applied to bronchial asthma, however, because it is almost impossible to predict which patient will require prolonged oral treatment when initially seen. Many asthmatic patients must be treated with oral steroids for varying periods of time before becoming clinically stabilised with the use of other drugs such as inhaled steroids. More than six months are usually needed to decide that the patient is definitely dependent on the oral steroid therapy, by which time the period of rapid effect of steroids on bone mass has already taken place. Moreover, for the practising physician the most common dilemma is how to slow down the progression of bone loss and prevent fractures in patients who have been on steroid treatment for many years and suffer a moderate or marked osteopenia, sometimes accompanied by bone fractures. In a group of such patients we have shown that intranasal salmon calcitonin at a dose of 200 IU on alternate days for two years is able to significantly decrease the magnitude of bone loss in the spine in glucocorticoid-dependent asthma. The lack of side effects of the nasal spray of calcitonin should permit the use of the hormone in prolonged treatment. However, the lack of effect on the rate of fractures precludes considering nasal calcitonin as a routine treatment to prevent steroid-induced osteoporosis.
More patients followed for a longer period of time would be needed to determine whether calcitonin decreases the rate of bone fractures in addition to increasing BMD.
